Abstract How an increase in blood pressure, in and of not primarily a glomerular process, but rather that the site of action is the renal interstitium. Furthermore the itself, induces hypertensive nephrosclerosis is unclear.
Introduction
To induce 2K1C renovascular hypertension, rats weighing
In an earlier study [1 ] , we showed that 2K 1C 180-190 g were anaesthetized with chloral hydrate (Sigma, Goldblatt hypertension in the rat features interstitial Deisenhofen, FRG) (0.4 g/kg intraperitoneally). The left infiltration of inflammatory leukocytes, matrix depos-renal artery was occluded by a silver clip ( 0.2 mm ID) and ition, and proliferation of tubular epithelial cells. By 4 the right kidney was not disturbed. Control rats (sham) were weeks, substantial interstitial fibrosis had occurred, sham-operated by an incision made in the flank following a 30-s interruption of the renal artery blood flow. Four weeks suggesting that hypertensive nephrosclerosis ( HNS ) is after the clipping, systolic blood pressure was measured by tail cuÂ plethysmography under light ether anaesthesia. 
Immunohistochemistry and pathology week 4 (upper panel ). Perivascular monocyte infiltration in sham and 2K 1C rat kidneys at week 4 (middle panel ). Granulocyte
Immunohistochemistry was carried out as previously infiltration in sham and 2K 1C rat kidneys at week 4 ( lower panel ) described [3] . For immunohistochemical staining the frozen sections were fixed and incubated with the monoclonal clipped kidneys, ICAM-1 expression was also evident.
The degree of leukocyte infiltration was determined by
No vessels showed the mildest expression, 22% of visually counting the stained granulocytes and monocytes respectively in the perivascular areas across kidney sections, vessels showed moderate expression, and 78% of vessels as described previously [3] . To quantify the results we used showed marked expression (P<0.05 diÂerent from a grading scale in which 0 indicated that no infiltrating cells both other groups). The monocyte infiltration was were present, 1 indicated that one to four infiltrating leuko-similar. While sham rats showed hardly any or rarely cytes were identified, and 2 indicated infiltrates of five or moderate infiltration, unclipped and clipped kidneys more cells. The infiltrates were expressed as percentages of showed considerably more infiltration (P<0.05). the vessels analysed. Kidneys from six animals in each group Again, the clipped kidneys had more infiltration than were used for this purpose. Multiple sections were examined, the other two groups (P<0.05). Granulocyte infiltraso that at least 50 separate vessels were evaluated from each tion is quantitatively shown in the lower panel of the of the three groups. Results expression is also detectable to a marked degree, but not quite as pronounced as in panel B. In Figure 2 is Systolic blood pressure was significantly elevated in shown the monocytic infiltration, while in Figure 3 is renovascular hypertensive rats compared to sham-shown the granulocytic infiltration. The monocytes operated controls after 4 weeks (198±5 mmHg, n=15 and granulocytes showed an infiltrative pattern which 2K 1C vs 121±2 mmHg, n=12 sham, P<0.001). The was in accord with the ICAM-1 expression. body weight of 2K 1C ( 313±12 g) was slightly lower than that of age-matched sham-operated rats Discussion ( 337±7 g, P=0.05).
The expression of ICAM-1 was examined by densitometry in the kidneys from the two groups of rats at 4 These results confirm our earlier report indicating that inflammatory cells are involved in HNS. Similar weeks as shown in the upper panel of Table 1 . ICAM-1 findings have been reported by others recently to within the vessel wall and interstitium of the clipped and unclipped kidneys. support that view [4] . Our new finding is the demonstration that the cell surface adhesion molecule
The clipped kidneys are responsible for renin production which is pivotal to an increase in angiotensin ICAM-1 is expressed along the endothelial surface of small blood vessels in both the clipped and the (Ang II ) production and elevation in blood pressure.
The clipped kidneys are ischaemic, show increased unclipped kidney. In accord with the ICAM-1 expression is the appearance of monocytes and granulocytes renin and presumably Ang II, but do not generally show major histological abnormalities according to an interact with integrin ligands. ICAM-1 interacts specifically with the integrin LFA-1 ( leukocyte integrin earlier study [4 ] , although our current findings showed tubular swelling and ICAM-1 expression. The pressure a 1 b 2 ). We did not determine LFA-1 expression in the present study; however, in a preliminary report, Mai in the clipped kidneys is substantially below systemic blood pressure. Jackson et al. [5] showed that if et al. [10] indicated that LFA-1 positive cells are present in the unclipped kidney of 2K 1C hypertensfiltration is decreased still further in the clipped kidneys by the administration of an angiotensin converting ive rats.
We must speculate on the mechanisms leading to enzyme inhibitor, fibrosis develops which becomes worse. The appearance of ICAM-1 expression in the ICAM-1 expression on the walls of blood vessels in the unclipped kidneys. Endothelial cells lining the clipped kidney is not surprising and is in accord with earlier reports observing ICAM-1 expression in vessel wall are the first cells exposed to the increase in blood pressure. They respond with functional ischaemia [6, 7] . We cannot make direct comparisons; however, our clipped kidneys appear to show more and structural alterations to the altered conditions.
Mechanical factors such as shear stress and the activaleukocyte infiltration than those described in the report by Eng et al. [4 ] . It is possible that the presence of tion of shear sensitive channels on endothelial cells may play a role [11 ] . Vasoactive substances released hypertension sets in motion a series of events, primed to occur, which then result in fibrosis.
from endothelial cells, such as endothelin may contribute to the vasoconstriction observed in these vessels. More surprising is the ICAM-1 expression in the unclipped kidney. This kidney was not ischaemic, but In addition, endothelin may play a role in the activation of infiltrating macrophages [12 ] . Other mediators such rather was exposed to the full brunt of the 2K 1C hypertension. The ICAM-1 expression was somewhat as tumour necrosis factor may also be important.
Conceivably, a circulating factor released from the less and the cellular infiltrate less severe than in the clipped kidney; however the changes were nonetheless clipped kidney could be important to ICAM-1 expression. We do not know for certain whether or not impressive. The cellular infiltrate was only slightly less than in the clipped kidney. The cellular infiltrates we Ang II is responsible. On the other hand Ang II surely plays a role in subsequent events, particularly interobserved strongly indicate that the ICAM-1 expression is achieving its goal of inducing leukocyte infiltration. stitial fibrosis. Hamaguchi et al. and Kim et al. [13, 14] showed recently that Ang II is responsible for transSuch infiltration begins with cell 'rolling' along the vessel wall initiated by the activation of selectins forming growth factor-b1 expression in the kidneys, which probably in turn activates synthesis of several ( P-selectin and E-selectin) expressed on the endothelium which interact with soluble carbohydrate ligands collagens. 
